Goal programming (GP) is an important class of multi-criteria decision models widely used to analyze and solve applied problems involving conflicting objectives. Originally introduced in the 1950s by Charnes et al. (Manag Sci 2:138-151, 1955) the popularity and applications of GP has increased immensely due to the mathematical simplicity and modeling elegance. Over the recent decades algorithmic developments and computational improvements have greatly contributed to the diverse applications and several variants of GP models. In this paper we present a state of the art literature review on GP applications in three selected (prominent and popular) areas, namely engineering, management and social sciences. et al. (1955) the popularity and applications of GP has increased immensely due to the mathematical simplicity and modeling elegance. Over the recent decades algorithmic developments and computational improvements have greatly contributed to the diverse applications and several variants of GP models. In this paper we present a state of the art literature review on GP applications in three selected (prominent and popular) areas, namely engineering, management and social sciences.
Introduction
Multi-criteria decision making and goal programming (GP) models are important tools of operations research and management science with extensive applications in science, engineering, and social sciences. The complexity in most real world problems is due to difficulties in modeling and solving with single objective. GP models are a distance based method that optimizes multiple goals by minimizing the deviations of objectives from aspiration levels or goals set by the decision maker (DM). When the deviations are driven to zero the set goals of the model can be achieved, additionally the deviations can be either positive and negative signifying overachievement or underachievement of the goals subject to multiple constraints. Originally introduced as an extension to linear programming models by Charnes et al. (1955) , a more elaborate treatment of GP models can be found in Charnes and Cooper (1961) . The popularity of the GP models are expanded through the influential works of and Ignizio (1976) . As noted by Romero (1991) , GP is the most widely used multi-criteria decision making technique. The GP modeling framework is easy to understand and apply and can be solved using most commercial mathematical programming softwares.
Standard GP models deal with deterministic goals that are precisely defined. Variants to standard GP models includes lexicographic GP (LGP) where the model is optimized according to DM's prioritized choice, and weighted GP (WGP) where positive and negative deviations from goals can differ according to the importance of the objectives. Polynomial GP (PGP) accommodates the DMs preferences by specifying a polynomial expression for the objective function as the respective deviational variables approaches zero. Aouni et al. (2014) present a comprehensive mathematical treatment of various types of GP models. GP models can incorporate randomness and fuzzy measures in situations where the DM is not sure of the model parameters and the goals. Fuzzy GP models (FGP) were introduced in early 1980s based on fuzzy set theory and have continued to be more popular in recent decades. Ramadan (1997) explores the relationship between GP and fuzzy programming. , Aouni et al. (2009) and Li (2012) present details on FGP and its variants. For detailed mathematical treatment and solution we refer the readers to several interesting books and papers on GP models by Saber and Ravindran (1993) , Schniederjans (1995) , Jones and Tamiz, (2010) and review articles by Lin (1980) , Zanakis and Gupta (1985) , Romero (1986) , Tamiz et.al., (1995 Tamiz et.al., ( , 1998 , Aouni and Kettani (2001) , Jones and Tamiz (2002) , Aouni et al., (2009a Aouni et al., ( , 2009b .
The aim of this paper is to present a state-of-the-art review of GP models with applications to selected areas in engineering, management science and social science that benefits researchers and practitioners. This paper also intends to explore the evolving trends of publications on GP in recent times. The nature of applications spanning GP models is vast and multidisciplinary. Hence the papers are scattered across various journals. The following electronic journal databases: Proquest, Academic Search, EBSCO-Host, Compedex, Emerald, IEEE Explore, Google Scholar, ISI web of knowledge, JSTOR, Ovid, Scopus-Elsevier, Springer Link have been searched to obtain the complete bibliography of literature using keywords such as: "Goal Programming Models", "Multi-criteria Decision Models", "Applications of Goal Programming", "Optimization Models using Goal Programming". We have restricted our search to papers published from year 2000 (for applications in social sciences we have extended the range till the late 70s due to the very limited number of papers found). Wherever necessary we have included historic papers and books that present detailed introduction to specific methods. The search process has resulted in an enormous number of papers including several conference proceedings, dissertations, unpublished works, and books, which have been excluded from further consideration. We have carefully screened them to be inclusive citing all relevant papers. Full text articles have been carefully reviewed for relevance and contribution to the selected domains covered by this review. The papers have been categorized based on the GP model employed and are well presented in tables to aid readers understanding. Figure 1 shows the evolution of GP models in such three disciplines. It clearly shows that GP applications in engineering were quite limited until 2000s, but the interest in GP in the discipline has substantially increased since 2010. The growth of GP applications in management sciences has been steady until 2010 and since 2010 has received increased attention from researchers. Papers in the area of economics and social sciences were steady until 1980s, with a sudden drop in the number of papers followed by a cyclic pattern of increase in 2000s and decrease since 2010 respectively. In comparison to the observation by Schniederjans (1995) on the lifecycle of GP research between 1950s to 1993, the past trend of GP research in the selected disciplines were consistent, yet there is a renewed interest among researchers on GP applications. Figure 2 : Distribution of various GP models in selected disciplines. Figure 2 shows the distribution of various GP models in the three disciplines. It is noteworthy that in recent times FGP models have been widely used in both engineering and management science. Lexicographic and weighted models have been well applied to problems in management science, economics and social science.
The paper proceeds as follows. In section 2 we discuss the literature on engineering applications of GP models in supply chain and logistics, manufacturing and production and quality, reliability and maintenance engineering. Section 3 presents the literature on GP models in management science with applications to portfolio selection, marketing and strategic management, while section 4 explores the literature on GP applications in social sciences with particular emphasis on economics. In section 5 we present concluding remarks.
Goal Programming Applications in Engineering
In this section we discuss engineering applications of GP applied to three important areas: supply chain, logistics and transportation, manufacturing production planning, and quality, reliability and maintenance engineering. We briefly review the papers found in the three identified domains. The papers are categorized according to the employed GP model and the specific field of application (see Table 1 ).
Applications in Supply Chain and Logistics
Supply chain management involves planning, control and integration in flow of information and materials between suppliers, manufacturers, logistics providers and customers. As products are globally sourced, manufactured and distributed, supply chain management offers several challenging objectives on factors such as cost, inventory, service goals, time to delivery, location and distance that require optimal planning and control. Kongar and Gupta (2000) obtain a unique solution for an integer GP model to determine DM's preferences on allowable tolerance limits of planned and unplanned inventory in a remanufacturing supply chain. Zhou et al. (2000) propose a GP model to address multi-objective problem for a sustainable supply chain optimization and scheduling for a petrochemical plant, the priorities of goals and weights of deviation variables obtained using analytical hierarchy process. Fine at al. (2005) propose a GP modeling approach to address three-dimensional concurrent engineering problems involving product, process and supply chain design applied to automotive supply chains.
GP models have been used to study, design and optimize supply chain problems with fuzzy goal programming models as the most popular choice in recent times. FGP permits ambiguous demand and information estimates. An important application of GP in supply chains is the vendor selection problem, dealing with the choice of right vendors and their optimal ordering allocations. Karpak et al. (1999) apply GP techniques to the vendor selection problem; an original equipment manufacturing company copes with competing objectives on appropriate vendors to allocate purchase orders, while minimizing product acquisition costs and maximizing total product quality and delivery reliability. Kumar an analytical hierarchy process is used to determine the weights for criteria. Yucel and Guneri (2011) develop a weighted additive fuzzy programming approach using trapezoidal fuzzy numbers to assess the weights of the factors in a fuzzy multiobjective linear model for a vendor selection problem to assign optimum order quantities to each supplier. Liao and Kao (2010) integrate the Taguchi loss function, analytical hierarchy processes and multi-choice GP models for supplier selection problem.
Selim and Ozkarahan (2008a) employ a FGP approach to study supply chain distributor network design model to select the optimum number, location and capacity level of plants and warehouses to deliver products to retailers with least cost to satisfy desired service level. Zhao and Tang (2008) consider quality, budget, and demand as fuzzy variables in an expected value vendor selection model and a fuzzy vendor selection chance constrained programming model to maximize the total quality level in a supply chain. Selim et al. (2008b) propose a FGP approach to solve collaborative production-distribution planning problems under different supply chain structures. Tien-Fu Liang (2008) adopt a fuzzy multi-objective linear programming model with piecewise linear membership functions to solve integrated multi-product and multi-time period production-distribution planning decisions problems with fuzzy objectives. Tsai and Hung (2009) propose a FGP approach to integrate activity-based costing and performance evaluation in a value-chain structure for optimal green supply chain supplier selection and flow allocation. Zardani et al. (2011) extend the work of Selim and Ozkarahan (2008a) using FGP to discuss the role of considering backward parameters in a closed loop supply chain network. Nixon et al. (2014) use GP formulation to model and optimize the supply chain deployment of pyrolysis plant. Schniederjans et al. (1982) present an application of GP to resolve trucking site location problem. Liang (2007) develop a FGP approach for solving the integrated production transportation planning decision problems with fuzzy multiple goals and piecewise linear membership functions to minimize the total distribution and production costs, total number of rejected items, and total delivery time with available capacity, labor level and quota flexibility constraints. Torabi and Hassini (2009) propose a FGP for a multi-objective, multi-site production planning model integrating procurement and distribution plans in a multi-echelon supply chain network.
Additionally, GP models in supply chain have been employed in multi-sourcing decisions and capacity expansion plans. Chin-Nung Liao, Hsing-Pei Kao (2011) propose a fuzzy multi-choice GP model that allows DMs to set multiple aspiration levels to solve multi-sourcing supplier selection problems Liu and Papageorgiou (2013) develop a multiobjective mixed-integer linear programming approach with total cost, total flow time and total lost sales as key objectives for expansion of plant capacities in global supply chain, and they propose a solution approach using ε-constraint method and lexicographic method. Recently, Ghorbani et al. (2014) propose a FGP approach for a multi-objective model of reverse supply chain design to minimize recycling cost, rate of waste generated by recyclers and material recovery to design responsive and efficient reverse supply chain.
Applications in Manufacturing and Production
Decision making in manufacturing and production planning environments are critical to the overall output and effectiveness of products and services. With evolving technologies and close integration of suppliers, producers and distributors, mathematical models that use multiple and conflicting objectives are necessary. Jääskeläinen (1969) proposes a GP model with three competing objectives on levels of production, employment and inventories. Goodman (1974) employs a goal programming approach for scheduling aggregate production and work force to conclude that GP models offer effective solutions to aggregate planning problems. Taylor et al. (1982) apply a nonlinear GP model for project and manpower selection encompassing nonlinear relationships among resource utilization and project outcomes. Kumar et al. (1987) develop a nonlinear GP model for the loading problem in a flexible manufacturing system and obtain the solution through a sequential search approach. Lee and Jung (1989) apply GP method for production planning in a flexible manufacturing system. Cell formation in manufacturing environments encompasses conflicting design objectives relating to set up times, investment, utilization levels, production related goals, etc. Shafer and Rogers (1991) develop a two stage heuristic solution to cell formation problem in a manufacturing environment using GP techniques. Shanker and Vrat (1999) Hoshino et al. (1995) develop GP techniques to study a recycle-oriented manufacturing system that seeks to satisfy the two objective functions related to total profit and recycling rate. Konger and Gupta (2001) use an integer GP model that provides a unique solution for the allowable inventory level for a remanufacturing supply chain based on the DM's unique preferences to determine the number of components to be kept in the inventory while economically fulfilling the demand of several components, and minimizing waste generation. Goken and Agpak (2006) propose a GP model for the simple U-line balancing problem. Li et al. (2006) develop a GP approach to formulate the early tardiness production planning problem. Liang (2006) study fuzzy multi-objective transportation problems with piecewise linear membership functions to simultaneously minimize the total distribution costs and the total delivery time with reference to available fuzzy supply and total budget at each source, and fuzzy forecast demand and maximum warehouse space at each destination.
Several GP models have been used to study production planning problems. Leung et al. (2003) propose a multi-objective model to solve the production planning problem where profits are maximized and production penalties are minimized for not meeting the quotas and changes in workforce level. Torabi and Moghaddam (20012) propose a multi-objective, multi-site production planning model integrating procurement and distri-bution plans in a multi-echelon supply chain network with multiple suppliers, multiple manufacturing plants and multiple distribution centers. An interactive FGP model is developed to simultaneously satisfy the conflicting objectives on minimization of total cost of logistics; defective items, late deliveries and maximization of the total value of purchasing subject to realistic constraints. Torabi and Moghaddam (2012) study a multi-site integrated production-distribution planning problem with transshipment node to accommodate fluctuating and dynamic demands using a FGP model. Leung and Ng (2007) develop a LGP model to solve aggregate production planning for perishable products with three objectives relating to direct production, master production and final assembly that was optimized hierarchically. Pati 
Applications in Quality, Reliability and Maintenance Engineering
Goal programming models have been applied to study a variety of problems relating to quality control and maintenance engineering. Quality control problems can be defined as determining the levels of input and process variables to meet optimal output specifications. The emphasis of quality in both product and service based industries is subject to multiple conflicting objectives on product costs, multiple process variable, process inputs and many other factors. Additionally, production systems are subject to deterioration effects requiring decisions concerning maintenance and resource allocation to ensure system reliability and system availability. Sengupta (1981) proposes a LGP model to study a multi-objective process control problem for quality control applied to paper manufacturing industry. Tayi (1985) formulates a process quality control problem using linear and PGP problem applied to paper industry to conclude that solutions obtained using the PGP formulation are more conducive for practical interpretations. Gen et al. (1989) develop computational algorithms for solving zero-one GP for optimization problem of system reliability for allocating redundant units. By extending this work, Gen et al. (1990 Gen et al. ( 1993 propose an efficient algorithm for solving large scale zero-one problems with generalized upper bounding applied to problems in system reliability. Schniederjans and Karuppan (1995) propose a zero-one type GP model to select quality control attributes for data collection in service organizations. Badri (2001) extends Schniederjans and Karuppan's (1995) work by proposing a combined an analytical hierarchy process and GP model; the quality attributes obtained by the analytical hierarchy process are weighted and solved using a GP model to the choose best set of quality control instruments for data collection in service organizations. Bertolini and Bevilacqua (2006) use a LGP model to define the best strategies for the maintenance of critical centrifugal pumps in an oil refinery. Chen (1994) applies a zero-one GP model for scheduling maintenance activities of mineral processing equipment at a copper mine in China. Cherif et al., (2008) propose two formulations for designing a quality control system based on imprecise GP model with satisfaction functions. Arunraj and Maiti (2010) develop based maintenance policy using a GP model combined with an analytical hierarchy process incorporating the risk of equipment failure and cost of maintenance. Mariappan et al. (2011) develop an optimal preventive maintenance schedule using GP approach. Hwang et al. (1984) formulate an algorithm for a nonlinear integer GP model using branch and bound techniques to solve reliability problems with multiple objectives. Munoz Moro and Ramos (1999) use GP models to develop a weekly maintenance scheduling for a large scale Spanish power system considering reliability and economic criteria. Reddy et al. (1997) present an approach to optimize multiple responses for quality control using GP in combination with Taguchi's methodology for injection molding process. Dowlatshahi (2001) applies a LGP model to study the role of life cycle costing and time based competition and other goals with respect to decisions on strategic, intermediate and tactical levels. Delice and Güngör (2011) employ a mixed integer GP model to optimize these goals on design requirements of a quality function deployment process.
Goal Programming Applications in Management Science
Goal programming has a close correspondence with decision making. As managers are constantly called upon to make decisions in order to solve problems, this technique is particularly relevant in the field. Business success relies on effective decision making processes, and GP models can assist. In particular assigned weights can express the intensity with which the goals are strived for. Moreover in management the multiple GP approach can be considered as an extension of the widely used break-even analysis. GP has been applied in different management fields, such as accounting (budgeting, cost allocation, corporate social reporting. . . ), finance (asset management, portfolio selection...), marketing (sales operation, media planning. . . ), operations (inventory management, transportation...) and natural resources. The increasing popularity of GP and usefulness for decision making policies are particularly evident in some areas, such as portfolio management and marketing. For each of these areas we will briefly summarize some of the main applications. This section reviews more than 180 applications found in the management literature, divided in three main areas: portfolio selection, marketing and strategic management. These works, categorized according the used GP model and the specific field of application, are summarized in Table 2 .
Applications in Portfolio Selection
Since its origin in early 1950s, portfolio theory has been improved, enlarged, and completed along several directions. Since the 1970s different GP model variants have been applied to the multidimensional financial portfolio selection problem and recently more complex (such as stochastic and fuzzy GP) models have become more and more relevant, due to the fuzzy nature of the data and target levels required by the DM(s).
At the beginning (and till the 1980s) the lexicographic GP is widely applied in financial portfolio selection: its first formulation is provided by . Lee and Lerro (1973) and Sharma and Sharma (2006) apply the LGP for mutual funds highlighting that their model generates good results comparatively to Markowitz (1978) and Kumar and Philippatos (1979) present a LGP for dual-purposes funds and provide empirical demonstrations to show that dual-purpose funds managers can improve their investment selection and the subsequent performance by relying on the GP methodology. Recently, Bahloul and Abid (2013) introduce a combined analytic hierarchy process and GP approach to international portfolio selection in the presence of some barriers to international investment. Ghahtarani and Najafi (2013) propose a robust optimization model for the portfolio selection problem that uses a LGP approach.
The objective function in the WGP model for portfolio selection seeks to minimize risk and maximize return by penalizing excess risk and shortfalls in return, relative to the respective targets. WGP allows not penalizing lower levels of risk and higher levels of return. The WGP has been applied to the financial portfolio selection problem by Sharma et al. (1995) . Then Tamiz et al. (1996) have adapted model and specified a WGP formulation for the portfolio selection problem with two stages: i) prediction of the sensitivity of the shares to specific economic indicators; and ii ) selection of the best portfolio based on the financial DM's preferences.
The incorporation of skewness into an investor's decision making process changes the construction of the optimum portfolio in respect to the one formed only under conditions of mean-variance analysis. According to Lai (1991) , the polynomial GP model integrates the DM's preferences regarding the skewness of the objective and it is more efficient than the LGP model: indeed the PGP model incorporates investors' preferences in terms of higher moments of the probability distributions of the rates of return, and is computationally simple. Chunhachinda et al. As in many real financial contexts, the DM has to take decisions under uncertainty and the stochastic GP model better deals with the uncertainty related to the decision making situation. Mainly, in the SGP the goal values are stochastic and follow a specific probability distribution. This model has been firstly introduced by Aouni et al. It is possible to identify a residual category to include all other GP variants used in portfolio management over the years, including min-max GP, integer GP, compromised programming. The min-max GP model (Romero, 1991:5) falls as much under the subject of linear programming as GP, and it is also known as the model of Chebyshev GP; Deng et al. (2005) present a min-max model on optimal portfolio selection with uncertainty of both randomness and estimation in inputs. A second variant is the nonlinear GP model, as the one used by Stone and Reback (1975) with a focus on risk and dividend goals subject to transaction costs. The integer GP is used to solve the dynamic multiple-objective problem, by Harrington and Fischer (1980) and Muhlemann and Lockett (1980) . Other researchers propose mixed-integer GP models (Rostamy et al., 2003; and Aouni et al., 2013). In particular, Stoyan and Kwon (2011) study a stochastic-goal mixed-integer programming approach for integrated stock and bond portfolio optimization. Ballestero and Romero (1996) and Ballestero (1998) 
Applications in Marketing
Marketing decisions have to be carefully analyzed as they affect all other functional activities and contribute at every level in the company's hierarchy of goals. GP has been implemented in several contexts of marketing research, from strategic marketing issues (Lee and Nicely (1974) to more specific issues: distribution decisions (Kwak, et al., 1991) ; marketing and quality control (Sengupta, 1981) , interfunctional coordination or tradeoff decision; just to name a few.In this area the multi-choice GP model is popular as it allows the righthand-side of each goal to be varied among two or more aspiration levels. With multi-choice GP, a DM can consider multiple levels of aspired target values for each goal (see Chang et al., 2012a Chang et al., , 2012b . Following the core spirit of multi-choice GP, in the multi-segment GP model, the coefficient on the left-hand-side allows the DM to set multiple segments of a coefficient on the left-hand-side for decision variables.
Another active area of marketing applications is related to media planning: GP (Charnes, et al., 1985; Charnes and Reinecke, 1968; De Kluyver, 1979 ) is used as a tool to allocate advertising appropriations to various media (media scheduling/selection).The media planning function includes the selection of advertising media, as well as the development and allocation of the advertising budget. Charnes et al. (1968) utilize the GP model for media planning: he incorporates the concept of market segmentation and the time component; and uses the frequency distribution instead of the customary single value for average frequency with the audience duplication accounted for. Keown and Duncan (1979) propose a model which improves on linear programming by successfully providing optimal, integer solutions that more realistically reflect the complexity of the media decision environment. De Kluyver (1979) introduce min-sum and min-max GP models that are enriched by the use of "soft" constraints, forcing searches in the feasible region in predetermined directions, and hence easing the task of analyzing alternatives. Bhattacharya (2009) proposes a chance constrained GP model that has been formulated in such a way that the advertisement should reach those who are suitable for the product instead of going to those section that are not considered suitable for the product as well. Jha et al. (2011) include the practical aspect of segmentation and develop a model which deals with optimal allocation of advertising budget for multiple products which is advertised through different media in a segmented market. Also due weightages are given to various media so as to maximize the total advertising effectiveness.
Many researchers focus on the need for greater coordination and integration between marketing and other functions (such as manufacturing, R&D, and finance) because of the interactions and conflicts occurring in a firm. Taylor III and Anderson (1979) , and Decro (1984) develop a GP model for dealing with the complex trade-off decisions involved in marketing/production planning. Yaghin et al. (2013) propose an FGP model in order to consider pricing, marketing and lot-sizing decisions simultaneously. Some papers focus on specific marketing issues, like distribution planning (Brauer and Naadimuthu, 1990; Kwak et al., 1991) , and shelf space allocation (Reyes and Frazier, 2007) .
GP has also been widely applied for production planning decision making. Liu et al. (2014) deal with product family design using analytic network process and GP techniques able to reduce design expenses and enhance efficiency through reusing component designs and extending product portfolio. Marketing decision making such as price discrimination, customer segment, time segment, location and channel segment designs are often formulated as multi-segment aspiration level problems; Liao (2009) proposes a method for solving this multi-segment GP problem. Jones et al. (2007) show that GP is a flexible tool suitable for forming pattern classification models: they test the model on a real-life dataset pertaining to cinema-going attendance.
Applications in Strategic Management
Strategic decision making is an ongoing process that involves creating strategies to achieve goals and altering strategies based on observed outcomes. There exist many tools and models that managers can use in many situations. Keown and Taylor III (1978) present an integer goal programming model able to provide the management with an additional decision making tool for the implementation of multiple corporate objectives. GP has been proved to be a useful tool also for small businesses: present an interactive GP model starting on the original work by Lee et al. (1979) . One of the most critical strategic decisions facing managers industry concerns the global expansion of operations. Schniederjans (1990, 1992 ) present a multi-objective model (a zero-one GP model) using critical success factors as a basis for international business expansion analysis. Other important areas in which strategic management plays a fundamental role deal with natural resources and tourism.
Multicriteria methodologies represent an interesting tool to integrate qualitative and quantitative approaches to study environmental and natural resource management problems (Edwards-Jones et al., 2000), thus they have been quite extensively utilized in the field. One of the first study in this framework can be found in Bottoms and Bartlett (1975) , who study the impacts on lands and its derived products of different management alternatives in the Colorado State Forest; they propose a LGP model, focusing both on goals product-oriented (different animals months of grazing, recreation user days of camping, board feet of different vegetation) and non-product oriented (profits, sediments). Early studies applying LGP include Chisman and Rippy (1979), Kao and Brodie (1979) , and Marten and Sancholuz (1982) , while those applying WGP include Dane et al. (1977) , Bazaraa and Bouzaher (1981), and Sandiford (1986) . Several reviews have been published over the last decades to survey applications of GP in the natural resource management field; among others, a discussion of earlier works can be found in Romero and Rehman (1987) while discussions of more recent studies can be found in Steiguer et al. (2003) and Mendoza and Martins (2006) . We thus restrict our discussion to applications published over the last ten years or so. Most recent applications can be classified into two main areas: cropping and water management. Works in the former category try to assess the impact of alternative cropping products or techniques in specific regions or case studies. Biswas and Pal (2005) propose a FGP model to study the land use planning problems in an agricultural setup in a district of the West Bengal area in India. They focus on the impact of alternative cropping plans on economic (cash expenditure, production achievement, profit) and land-oriented (land utilization, productive resource) goals. Similar approaches based on FGP applications in India and Iran can be found in Sharma et al. (2007) Since the late 1970s the potential usage of operational research techniques to study tourism problems, like the determination of tourist flows or the evaluation of the impact of tourism activities, has been very well known (Swart et al., 1978) . However, applications of GP techniques in this field are quite limited, and they can be grouped in two main areas: tourism planning and sustainable tourism. Studies in the former area are quite dated and try to understand how alternative tourism strategies might impact the eventual success of a tourism destination. Taylor III and Keown (1978) propose an integer GP model in order to select in which specific sites within the city boundaries to develop recreational facilities, by taking into account financial, spatial and land resources availability. Seely et al. (1980) develop a LGP model to identify the optimal allocation of public funds among different marketing programs in order to achieve the greatest impact (measured at different levels); their study focuses on the United States Travel Service as a case study to test the effectiveness of their model. Similarly, David and Taylor III (1980) rely on LGP model to study the allocation of promotional efforts in the US by also taking into account income, travel propensity, gravitational and demographic variables. Works in the latter area are instead more recent and they link the analysis of alternative tourism strategies to the problem of sustainable development. Zografos and Oglethorpe (2004) , by borrowing from the natural resource management literature, use a WGP model to assess sustainable solutions related to ecotourism activities in the Amazonian rainforest in Ecuador. They aim at identifying the impact of ecotourism and other potential activities on the sustainability of the local community's development; they focus on economic, social and environmental goals, showing that ecotourism might cease to be an optimal land use only if the weight attached to private income increases significantly with respect to the other goals. Carillo and Jorge (2006) further analyze the trade-off between tourism development and environmental exploitation by proposing a LGP model to quantify the tourism carrying capacity of a specific destination. They analyze both the positive economic (total outlays) and negative environmental (waste disposal) impacts of tourism activities generated by different types of visitors in Venice (Italy). Blancas et al. (2010) underline how making sustainability-related decisions in the field of tourism is particularly difficult since reliable information is to a large extent missing; their work develops along this direction by proposing a synthetic sustainability indicator based on a WGP approach to support the decision making process. applications in economics. Most of the papers analyzed in this review apply the simplest (lexicographic, weighted, max-min and integer) GP models, only one employ a fuzzy model while none rely on polynomial or stochastic approaches. This probably reflects the weaker training that social scientists generally receive in mathematical and computational techniques with respect to researchers working in engineering and management disciplines. This section briefly reviews about 30 applications found in economics from the early 1970s to today. These works, categorized according the used GP model and the specific field of application are summarized in Table 3 . 
Applications in Economics
Applications of GP in economics are abundant. Probably the first study can be identified in Schinnar (1976) , who analyzes development planning in a Leontief input-output model; in order to take into account both economic and demographic goals (along with their potential interactions) his study develops a WGP model. After this pioneering work, following studies can be classified into four main areas: public choice, provision of public goods, environmental interactions and macroeconomic policies.
The former area focuses mainly on group decision making which by definition requires the search of some degree of consensus; GP is one of the tools frequently used to support such a collective decision making process. Since GP applications in the field are very numerous and have been recently surveyed we will not discuss such a branch of literature: the interested reader is invited to refer to Munro and Aouni (2009) and references therein.
An active area of research involves the study of the public goods and services' provision, and in particular the appraisal of different public policies. In this context, GP techniques have been proposed as an alternative or an integration of cost-benefit analysis, which is traditionally used in order to assess the net (economic, social, cultural and environmental) value of competing programs. Most of the studies focus on transport (Taplin et al., 1995a (Taplin et al., , 1995b , health (Blake et al., 2002) and knowledge (Diminnie and Kwak, 1986) . In order to assess the potential effects of transport policies Taplin et al. (1995a) employ a WGP model to determine the optimal allocation of public funds among alternative road projects in the Pilbara region of Western Australia. They analyze several road projects and goals (classified as road user and supplier, developmental, environmental, level of service, and social). A similar analysis of road projects in the same region can be found in Taplin et al. (1995b) who move the focus on their study on the scheduling of these projects. Several works have tried to study the impact of different health programs: early studies focus on two topics, resource allocation and capital budgeting decisions in public hospitals, employing lexicographic (Rifai and Pecenka, 1989) and integer (Keown and Martin, 1976; Tingley and Liebman, 1984 ) GP models, respectively. A more recent analysis can be found in Blake et al. (2002) who proposes two alternative LGP models (based on fixed costs and fixed volumes, respectively) to take into account both the goals of the hospital to recoup its costs of production and those of physicians to achieve an acceptable income level; the results are illustrated through a case study focusing on a surgical division of a public hospital in Ontario (Canada). The works analyzing the impact of knowledge dissemination focus on budgeting at university level to exemplify the nature of the problem. For example, Diminnie and Kwak (1986) and Kwak and Diminnie (1987) develop an integer GP model to select among budget alternatives and assess the effect of a shrinking budget situation on both academic and budgeting goals. Other earlier works on university budget planning include Lee and Clayton (1972) , and Schroeder (1974) while a more recent study can be found in Hassan and Loon (2012) .
Another topic widely analyzed in economics is related to the economic and environmental interactions. In this framework we can identify two main areas of research: the impact of externality and the assessment of GP techniques as a methodological tool. Works in the former area aim at quantifying the magnitude (and its associated cost) of environmental externalities generated by alternative policies. Linares and Romero (2000) use a WGP model to study the impact of several electricity production plans in Spain on economic (cost) and environmental (radioactive waste, and emissions ofCO 2 , SO 2 andN O x ) goals. Linares and Romero (2002) refine this kind of analysis by proposing a WGP model to aggregate preferences over different goals of four social groups (regulators, academics, electric utilities and environmentalists) with conflicting interests. Bell et al. (2001) develop a WGP model to study the effect of seven global climate policy alternatives; they focus on the same economic goal as in Linares and Romero (2000) but consider a broader variety of environmental goals (including also global temperature increase, sea-level rise, and ecosystem stress). Studies in the assessment of GP techniques area are to a largest extent methodological and try to identify the pros and cons of different GP approaches to assess environmental policies. For example, Hobbs et al. (1992) consider different WGP models to evaluate the level of understanding of multicriteria methods among water planners from the US Army Corps of Engineers. A similar experiment based on the same case study can be found in Goicoechea et al. (1992) .
The most recent and probably promising line of research analyzes the impact of macroeconomic policies on traditional economic goals, and in particular it focuses on their linkage to sustainable development by analyzing the economic and environmental trade-off. André et al. (2009) consider different (lexicographic, weighted and max-min) GP models to study the impact of alternative policy tools (direct and indirect taxes, environmental taxes and public expenditure) on both macroeconomic (economic growth, inflation, unemployment, public deficit) and environmental (CO 2 , N O x and SO x emissions) goals; the model is then tested trough an application to the Spanish economy. Colapinto et al. (2014) propose a WGP model with satisfaction function to analyze the nature of the intergenerational equity and sustainable development relationship; they consider two goals (the sum of discounted finite-time utilities and an asymptotic utility level), to understand to what extent DMs can achieve their aim of maximizing social welfare by exploiting natural resources in the short run without compromising the ability of the society to enjoy them in the long run.
Apart from these four main areas of applications in economics, GP techniques have been extensively employed also to study several other economic problems from an engineering perspective, especially those related to production and scheduling activities (a more detailed analysis of these works can be found in section 2, where we discuss applications in engineering). Recent works in the former area focus on aggregate production planning problems, which deal with capacity planning over a short run planning horizon (Bayka-soglu, 2001). Leung and Ng (2007) propose a LGP approach to analyze the case of perishable products, which because of their specific nature, require to take into account also inventory goals other than standard goals like those related to costs and layoffs. A LGP model is also used by Leung and Chan (2009) Topaloglu and Ozkarehan (2004) instead propose an implicit GP model to take into account also preferences of employees, such that the feasible schedules are neither identified by an integer variable nor the employees are asked to quantify their individual preferences for different schedules.
Conclusions
Goal programming is a well-known and very popular tool used to analyze multi-criteria problems. Over the last 50 years the development and refinement of GP techniques have been impressive, leading GP to be one of the most preferred tools for dealing with multiple criteria decision analysis. Its range of applications is extremely large, including also engineering, management and social sciences. This paper aims at presenting a broad survey of the extensive applications of GP models in these fields, encompassing historic and pioneering papers as well as more recent works. From our survey of more than 300 published papers and from the recent increase (especially in engineering and management disciplines) of the number of applications of GP techniques, it seems clear that the ability to rely on GP approaches nowadays is valued more highly than ever. The growth of GP is beyond all doubt, since publications have continued to increase since the 1970s. In particular, the growth of papers dealing with nonlinear problems has been very significant as well, reflecting the diffusion of more and more complex GP models, such as SGP, FGP or chance constrained GP models. One of its characteristics allowing for such a massive development is the ability of GP to easily combine with other approaches: for instance GP models combined with analytical hierarchy process are commonly applied to different fields (supply chain and logistics, manufacturing and production or portfolio management) and problems successfully. We wish this review provides useful references for researchers willing to extend GP techniques and practitioners wishing to apply GP models to practical problem situations. 
